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Article Info Extended Abstract
Article type: Introduction. Sugar beet is the main source of sugar with about 35% of the world's sugar production.
Research Article It is affected by various pathogenic factors. The most important pathogens that lead to sugar beet root

rot is the Rhizoctonia solani fungus, which exists in many areas of sugar beet cultivation. Given that
conventional breeding methods for resistance to this disease are difficult and time-consuming, the
development and identification of resistance-associated markers and the determination of the locus

Article history: controlling resistance to this disease can significantly accelerate root rot resistance breeding programs
Received: January 05, and provide a new perspective for plant breeding advances. To achieve resistant cultivars, the
2025 development of markers related to resistance can help breeding programs. In this regard, the aim of this

. research is to identify molecular markers associated with rhizoctonia resistance genes to accelerate the
Revised: March 12,2025 screening of sugar beet breeding materials.

Accepted: April 05, 2025 Materials and Methods. In this study, 20 pairs of primers were used to investigate 10 susceptible and
10 resistant plants from two F2 populations in order to identify molecular markers linked to the
resistance gene to rhizoctonia root rot of sugar beet. The primers were examined in terms of band
pattern and the bands were scored based on their presence or absence (zero and one). DNA extraction
was performed using Modified Dellaporta et al. (1983) or Norouzi (2003), and PCR was used with a
BIO RAD thermocycler. Cluster analysis and grouping of genotypes were performed using Jaccard
similarity coefficient and UPGM method and principal component analysis (PCOA) based on distance
matrix using NTSYS: pc 2.1 software.

Results and Discussion. In this experiment, SSR markers were able to identify 31 alleles with a range
of one to four alleles in each gene location and reproduce 355 locations. The average amplified
location for 20 primer pairs was 17.75 and the range of polymorphic information content change was
0.54 to 0.75 with an average of 0.66. The range of similarity coefficient obtained from SSR markers
varied from 0.35 to 0.9. In breeding programs, the varieties that have the least similarity are the best
plants for crossbreeding. The cophenetic correlation coefficient was obtained based on the Jaccard
similarity coefficient of 0.76. Based on the cut line, a cluster diagram was created with six subgroups
at a distance of 0.46. Also, the results of principal component analysis showed that the first five
components explained about 59% of the total variation between lines. With the studies conducted, five
markers (SSR: 4, 10, 23, 32, and 50) were able to distinguish between 15% - 40% of plants sensitive
and resistant to rhizoctonia root rot.

Conclusion. According to studies conducted on the genetic diversity of different sugar beet plants

Keywor@s: . using SSR markers, some plants were not included in their similar group, despite having a resistant or
genetic diversity, susceptible phenotype to root rot disease. Based on the results of this study and the results of previous
polymorphism, research, it can be concluded that the resistance or sensitivity of sugar beet plants can be influenced by

root rot disease, one or more specific genes and the presence or absence of these genes, does not necessarily cause

genetic similarity or dissimilarity of genotypes with each other. For the final confirmation and
SSR, validation markers, more sensitive and resistant samples will be tested with the selected SSR and the
sugar beet. best marker(s) will be introduced.
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Table 1. Characteristics of the susceptible and resistant sugar beet plants under study.

dgr a5 Curdg dg @y,
S1 HM1990 Lzl 5 \
S2 F2 (FC-201¥*HM1990) Y
S3 4 F2 (FC-201*HM1990) ¥
S4 E F2 (FC-201*HM1990) i
85 3 F2 (FC-201*HM1990) 5
S6 = F2 (FC-201*HM1990) s
S7 ;3 F2(0OT-940150*0T-940184) v
S8 < F2(0T-940156*0T-940184) A
S9 OT-FC-201-9 q

S10 OT-FC-201-9 Ve
R1 FC-201 olidls 5 1)
R2 F2 (FC-201*HM1990) WY
R3 4 F2 (FC-201*HM1990) WY
R4 % F2 (FC-201*HM1990) i
RS B F2 (FC-201¥*HM1990) '0
R6 E‘g F2 (FC-201*HM1990) \$
R7 z F2 (FC-201*HM1990) Vs
R8 r F2 (FC-201*HM1990) A
R9 F1(OT-940206*0T-940184) \q
R10 OT-FC-201-9 Y-
oy g g 3 slaadl Y

i gllis 9 (b SSRGS YY -+ + s NCBI colw jl oslawl b g oligo analyzer ¢ primer3 )l58le 5l oolasl b
£93509)S & ) ol olwlis b Jlg jeas | luebl § cus cgs NCBI colw 3 genome data viewer jl odlaiwl b
SladieSs )3 g0l sl bl 5l a5 (Norouzi ef al., 2024) 345 00 _Byxe SSR ,Slel (ool L3 51 LigiS'gny 4 polio
(Y Jote) s ool e

Sl gy 85 8 oy 350 (¥ Jgiz) SSRSSEN YOl olisiol b (V Jgieo) aalllas 350 (slodiyy (S35 55
5 SSR45 ,SSRO, SSR10, SSR20, SSR23 ,SSR32,55k] cin i .00d Gl o aS slb] ey Jlg aiuslss
VY il a5 Vo p3 S5l 1o el g dlaws pSle dngy JSbais aylgs dus 9 JSKBCSS g5 g dlaws ol 5l a8 aus
Lng)f)'Lé—l Dg WV )f)l_c] Vo Ulposd piSS e 15Sle a5 160 )8 1S5 1y 56 YOO SSR o ,SOLiS piored 29
iy & byyye oad 115 e oyt 0ol Gl 1) SSsia e g g LYY SIED g Jlg dw b ¥ 54
292 LgiS g3y 4 polie



ny Ak iy o LisTy ) (Shwgy 0 Ceoglio loyyf 4 diwgy (SeSs0 (5l0) (Siliid (Kuiif axlliro

SSR S5l Y0 s clasuiio g cusppd .Y Jgda
Table 2. List and characteristics of 25 SSR primer pairs.
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5 5 GGCTTTAGTCTTATTGCTGTG GGTGGTTATGCTCCTCCT — SSR-20 3
5 DA ACTGTGAGCAATCATCTACC ATCTTCTTGACTTGGCTCTC ~ SSR-21 WY
\ N CTCACATTGCGTCCCTTT CTCATCCTTCTCTCTCTTTCC — SSR-23 W
\ o AGTCTCAGGATGATGCCC GCAGAAGGTTGAAGAAGAA  SSR-25 V¥
Y Ny GGAGAGAGAGAATGAGTAAGG CTGTGCTTTCAGACCAAATC  SSR-29 Vo
Y oy AAGGTTAGGGTTTAGGGTATT AGATTGTATTATTGTTGTTGGAG  SSR-31 \Vd
¥ Ny AGAAGTAGAAGGCAACTCCAC AGACTGAAGATAGAGCAAGGG  SSR-32 Y
¥ Ny ACTCCACCCATCCACATCAT TGTGGATGCGCTTTCTTTTC  SSR-34 A
5 oy CACCAATAACCAAAGAAACAA AACCCTAACCCTAACCCTAAC  SSR-43 AR
\ g TCAAGAAGCAGAAGAATGAGA TACGAGTTCCAAGAATGGTG  SSR-45 K
v oY TGACTTATCAAACAACCCTGA AACAGCAACAAGAGATGGTAG ~ SSR-50 v
v N TGTCGCCTGAGAAATGAA GACGAATCAAACCCTCCT — SSR-52 Y
A oY GGTGAAACGAAAGGAAACC ATACCAACATCAGCGTCAA  SSR-55 s
A oY AACGGTAAAGAATCAACCATC ATCAGCGTCAACCACAAC ~ SSR-56 i
3 b TTCAAGGAACCAGTAAAGAAA AGAGGGAGCATCAAAGAATAG ~ SSR-58 Yo
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Figure 1. Banding pattern of the SSR23 primer in 20 sugar beet samples (1-10 susceptible and 11—
20 resistant to root rot) on a 2.5% agarose gel. M: 3 kbp molecular weight marker.
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Figure 2. Banding pattern of the SSR50 primer in 20 sugar beet samples (1-10 susceptible and
11-20 resistant to root rot) on a 2.5% agarose gel. M: 3 kbp molecular weight marker.
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Table 3. Number of bands and polymorphism information content (PIC) of SSR primer pairs.
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Table 4. Effective primers for further breeding programs based on the percentage of band formation in sugar beet
groups susceptible and resistant to rhizoctonia root rot.
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Figure 3. Dendrogram of polymorphism of 20 sugar beet plants resistant (R) and susceptible (S) to rhizoctonia root rot with SSR primer
pairs.
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Table 5. Characteristics of the first five components based on SSR observations.
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Figure 4. Two dimensional grouping of resistant (R) and susceptible (S) plants to rhizoctonia root rot of sugar beet by the first five
components obtained from SSR marker observations.
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Figure 5. Three dimensional grouping of resistant (R) and susceptible (S) plants to rhizoctonia root rot of sugar beet by the first five
components obtained from SSR marker observations.
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